1. Treatment of the chick embryo with the lathyrus factor, ,-aminopropionitrile, produces inhibition of polymerization of newly synthesized collagen at the interand intra-molecular level (Levene & Gross, 1959; Martin, Gross, Piez & Lewis, 1961) ; this is manifest as an increase in the fragility and solubility of collagen from the connective tissues. 2. This treatment simultaneously produced increased hydration of the tissues, particularly noticeable in the swollen long-bone cartilages. 3. This increased hydration of cartilage was found to result from treatment with any of the known lathyrogenic compounds, but not with any of the structurally related but non-lathyrogenic analogues. 4. The hydration effect paralleled the collagen solubility effect, both being dosage-dependent at the lower levels. 5. The hydration effect could not be reversed by treatment in vivo with either pyridoxal or glyceraldehyde, or by Benadryl, an antihistamine that inhibits cell water movement. 6. The possible causes of this effect have been considered in the light of the known properties of cartilage.
Treatment of experimental animals with the lathyrus factor, BAPN,t produces, in addition to the collagen defect, an increase in hydration of various tissues, such as cartilage (Borle, Karnovsky & Nichols, 1959) , skin and bone (Levene & Gross, 1959) ; the effect was also observed in the embryos of lathyritic animals (Stamler, 1955) , in a tumour implanted into animals subsequently rendered lathyritic (McCrary, Akamatsu & Orbison, 1963) and in organ cultures treated with a lathyrogen (Schryver & Biggers, 1963) .
The present study was undertaken to ascertain whether this was a specific effect of all lathyrogenic compounds and whether it was related to the clearly established lesion of collagen produced by BAPN, namely a failure of polymerization at the intra-and inter-molecular level.
The tissue selected was cartilage, partly because its relative avascularity tends to eliminate inflammatory exudate as a cause of increased hydration and partly because many quantitative and qualitative data were available for various purified components isolated from normal and lathyritic cartilage (Levene, Kranzler & Franco-Browder, 1966 (Gross, Levene & Orloff, 1960) . Such compounds may be classified into four groups: (a) certain organic nitriles, e.g. BAPN; 3ting of cartilage (b) ureides, e.g. semicarbazide; (c) hydrazides, e.g. ight estimations, isonicotinic acid hydrazide; (d) hydrazines, e.g. hydrazine hydrate (Levene, 1961b The results (Table 6) indicate that neither pyridoxal nor glyceraldehyde has any obvious effect on the hydration of cartilage either in the lathyritic embryos or the normal controls.
Effect of an antihistmine. Diphenhydramine (Benadryl; Parke, Davis and Co., Hounslow, Middlesex) inhibits the movement of water in cells damaged by toxic agents (Judah, 1960 half to the free interstitial water (Eichelberger, 1960; Miles & Eichelberger, 1964) . The failure of an antihistamine to prevent the increased hydration in lathyritic cartilage suggests that the excess of water is extra-rather than intra-cellular. The quantity and distribution of extracellular water in cartilage depends on the ionic state and on the state of the collagen, acid mucopolysaccharides, non-collagenous proteins and macromolecular aggregates, as well as on the excluded volume effect; however, very little is known about these.
The fixed ionic groups on chondroitin sulphate, a polyanion, play a major role in water imbibition (Kantor & Schubert, 1957) ; the diffusible ions, e.g. chloride, help to regulate water movement in cartilage (Linn & Sokoloff, 1965) .
Collagen is regarded as a special case in relation to water because, unlike silk fibroin, DNA and keratin, it possesses many hydrogen-bond sites for water, which forms structural chains in the fibre direction (Berendsen & Migehelsen, 1965) Vol.1CARTILAGE HYDRATION IN LATHYRISM the native structure ofcollagen by acting directly on this structural water (Von Hippel & Wong, 1964; Berendsen & Migehelsen, 1965) .
The role of the acid mucopolysaccharides in the hydration of cartilage is obscure; the hyaluronic Table 5 . Effect of lathyrogenic compound8 on the 8tate of hydration of the long-bone cartilage of the chick embryo compared with the effect of 8tructurally related but non-lathyrogenic analogue8
Each compound (0*054m-mole) was injected into 14-dayold chick embryos and the cartilage was examined 2 days later. acid-water relationship has been well studied, particularly the excluded volume effect (Ogston & Phelps, 1961) , but chick-embryo cartilage contains only chondroitin sulphates A and C. The suggestion that these may behave like hyaluronic acid (Fessler, 1960) appears to be supported by the available but limited evidence (Gerber & Schubert, 1964; Milch, 1965) . The state of aggregation of macromolecules in cartilage is also an important factor in determining its water and ionic content (Gersh & Catchpole, 1959-60) .
In spite of their importance no data are available for lathyritic cartilage on ionic conditions, noncollagenous proteins, states of macromolecular aggregation or changes in excluded volume of acid mucopolysaccharides. It is, however, established that lathyritic collagen possesses a cross-linking defect, whereas chondroitin sulphate and its protein complex from the same cartilage are normal, when examined qualitatively and quantitatively, chemically and physicochemically (Levene et al. 1966) . It is therefore possible only to present the available evidence that the lathyritic collagen molecule is 12-0 BAPN (5mg. at 14days)+ Benadryl 11-6 (2-5mg. at 15 days) abnormal, and probably more hydrated than usual, based on chain sub-unit studies and X-ray diffraction.
The work of Martin, Gross, Piez & Lewis (1961) , confirmed by Nikkari & Kulonen (1962) , indicates an intramolecular defect in cross-linking of the component chains in the lathyritic tropocollagen molecule. An X-ray diffraction study (Kundel, 1964) showed that, whereas normal and lathyritic rat-tail tendon had identical wide-angle patterns in the dry state, hydration produced a suggested increase in the equatorial spacing of the lathyritic collagen over the normal; Kundel (1964) interpreted this as meaning that the blockage of intramolecular bonds by lathyrogens allowed a wider separation of the chains in the collagen molecule than normal. The evidence given in the present paper strongly suggests that the amount ofexcess of hydration in lathyritic cartilage is paralleled by the amount of salt-soluble collagen produced, and that these are both dependent, within limits, on the dosage of lathyrogen. This tends to implicate the physical state of the collagen molecule as a cause of the increased hydration. However, the increased hydration might be due to the increased imbibition ofwater by chondroitin sulphate-protein complexes when released from the normal restraint of the tightly bound collagen network.
